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(54) OFDM transmission reception apparatus with selection of the optimal guard interval length 



(57) The subtracter of the reception system calcu- 
lates the channel quality using an optimal guard interval 
length detection signal inserted into one carrier by the 
transmission system, then the optimal guard interval 
length detector calculates the minimum guard interval 
length necessary to eliminate delayed signals using this 



calculated channel quality, inserts the control signal 
indicating this guard interval length into one carrier and 
the reception system sets the guard interval length 
□sing this control signal 
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Description 

BACKGROUND OF THE INVENTION 
5 Held of the Invention 

[0001 ] The present invention relates to a transmission/reception apparatus used for digital mobile communications 
using an orthogonal frequency division multiplexing (hereinafter referred to as "OFDM) system. 

10 Description of the Related Art 

[0002] A conventional OFDM transmission/reception apparatus is explained using FIG A and FfG.2. FJG.1 is a 
block diagram showing an outlined configuration of a transmission system of a conventional OFDM transmission/recep- 
tion apparatus. FIG.2 is a block diagram showing an outlined configuration of a reception system of the conventional 

is OFDM transmission/reception apparatus. 

[0003] In FIG.1 , serial -parallel converter (hereinafter referred to as "S/P converter") 1 1 converts a serial input signal 
to a plurality of parallel signals. lDFT circuit 12 performs inverse discrete Fourier transform (hereinafter referred to as 
1DFT") on the input signals. Guard interval inserter 13 inserts a guard interval for every valid symbol, D/A converter 14 
performs D/A conversion on the signal with guard interval inserted. 

20 [0004] In FIG.2, NO converter 1 5 performs A/D conversion on a reception signal Delayer 16 delays the input signal 
by a valid symbol length. Correlator 17despreadstheinput signal. Timing generator 18 detects the timing of the recep- 
tion signal at which the correlation result becomes largest. Guard interval eliminator 19 eliminates a guard interval 
inserted for every symbol DFT circuit 20 performs discrete Fourier transform {hereinafter referred to as "DPT) on the 
input signal. Coherent detectors 21 to 24 perform coherent detection on the input signal. Deciders 25 to 28 judge the 

25 input signal. Parallel-serial converter (hereinafter referred to as "P/S converter") 29 converts a plurality of parallel sig- 
nals to a serial signal. 

10005] Then, tie operation of the conventional OFDM transmission/reception apparatus is explained. Here, sup- 
pose the number of carriers is 4, for example. 

[0006] First, the operation of the transmission system is explained using FIG.t A modulated signal input to the 
30 transmission system is S/P -converted by S/P converter 1 1 . This results in four modulated signals, which are transmitted 
by a first, second, third and fourth carriers, respectively. 

[0007] Then, the 4 modulated signals are IDFT-processed by lDFT circuit 12. 

[0008] . A general OFDM transmission/reception apparatus has a frame format as shown in the frame format sche- 
matic diagram in FIG. 3. That is r in a frame format used for a general OFDM transmission/reception apparatus, a signa! 
35 with the same waveform as that of the last part of a valid symbol is added at the start of the valid symbol as a guard 
interval The OFDM transmission/reception apparatus can eliminate a delayed signal with a shorter delay time than this 
guard interval through DFT processing of the reception system. 

[0009] Guard interval inserter 13 inserts a guard interval into the IDFT-processed signal. The signal with the guard 
interval inserted is converted to an analog signal by D/A converter 14. In this way, a transmission signal is obtained. 
40 [0010] Then, the operation of the reception system is explained using FIG.2. The reception signal input to the 
reception system is converted to a digital signal by A/D converter 15. 

[0011] Generally the OFDM transmission/reception apparatus finds a correlation between a pre-DFT signal and 
the pre-DFT signal delayed by a valid symbol length. Then, the OFDM transmission/reception apparatus detects a DFT 
integration interval by detecting the timing at which the correlation result becomes largest To be more specific, delayer 
45 16 delays the reception signal by a valid symbol length, then correlator 17 finds a correlation and timing generator 18 
detects the timing at which the correlation result becomes largest. Guard interval eliminator 19 eliminates the guard 
interval from the reception signal according to this detection result 

[0012] The reception signal stripped of the guard interval is DFT-processed by DFT circuit 20. This results in 4 
baseband signals, which are carried by 4 carriers. The 4 baseband signals are each subjected to coherent detection by 

50 coherent detectors 21 to 24. In this way, coherent detected signals are obtained. 

[0013] Here, coherent detectors 21 to 24 are explained using FIG.4, FfG.4 is a block diagram showing an outlined 
configuration of the coherent detector of the OFDM transmission/reception apparatus. Digital multipliers 41 and 42 mul- 
tiply the DFT-processed signals by pilot symbols. Conjugate complex number generator 43 generates a conjugate com- 
plex number for the input signal 

55 [0014] in a general frame format, a pilot symbol, a known reference signal, is added before a message interval. In 
a general coherent detection method, a fading variation is detected using a pilot symbol. 

[0015] In (nT) which is a DFT-processed input signal in a pilot symbol interval is expressed as 
In (nT) = P (nT) • A (nT) '• exp (je(nT)) , where P (nT) is a pilot symbol, A (nT) is an amplitude variation due to fading 
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and exp QG>(nT)} is a phase variation due to fading. 

[001 6] F (nT), which represents a variation due to fading, is expressed as follows: 
F (nT) 

= In (nT) ■ P. (nT) 

= CP (nT) • A (nT) * exp (3©(nT))} * P (nT) 
- P (nT) 2 • A (nT) ■ exp (3©<nT)> -CD 

Here, in a modulation system such as a QPSK modulation system in which the amplitude is constant and only the 
phase contains information, P (nT) 2 ~ 1 . Therefore, expression Q) is expressed as follows: 

15 F {nT} s A (nT) * exp (j0(nT)) 



w 



[0017] Then, digital multiplier 41 obtains signal F (nT) that represents a variation due to fading by multiplying DFT- 
processed input signal (baseband signal) In (nT) by pilot symbol P (nT) in a pilot symbol interval, 
[0018] Then, conjugate complex number generator 43 generates a conjugate complex number about F (nT), a sig- 
20 nal representing a variation due to fading, in this way, conjugate complex number F (nT)* of F (nT) signal expressing a 
variation due to fading is obtained. Conjugate complex number generator 43 inverts the polarity of the Q component of 
the input signal and generates a conjugate complex number. Therefore, conjugate complex number F (nT)* is 
expressed in the following expression: 

25 F (nT)* - A (nT) * exp (-j@(nT)) 

[0019} Then, digital multiplier 42 multiplies the DFT-processed input signal (baseband signal) by the conjugate 
complex number of the signal representing a variation due to fading. In this way, a coherent detected signal is obtained. 
[0020] Here, suppose the fading variation is sufficiently slow compared to the interval of pilot symbols and the fad- 
30 ing variation is constant between pibt symbols. Based on this supposition, coherent detected signal D OLIt (nT) is 
expressed in the following expression: 

exp ( j0(nT) ) 
* exp ( -j©{nT) ) 

-<2> 

40 

[0021] in expression (2>, A (nT) 2 is the component with a constant phase and variable amplitude. Therefore, the 
phase variation of coherent detected signal D out (nT) is only dependent on D in (nT). Therefore, the phase of the recep- 
tion signal is demodulated by digital multiplier 42 multiplying the DFT-processed input signal (baseband signal) by a 
45 conjugate complex number of the signal indicating a variation due to fading, The QPSK modulation system is a modu- 
lation system with a constant amplitude and variable phase. Therefore, the OFDM transmission/reception apparatus 
performs coherent detection by demodulating the phase of the reception signal. 

[0022] Furthermore, the OFDM transmission/reception apparatus can also eliminate any phase difference between 
transmission and reception carriers and phase variation by frequency offset as well as fading variation, 
so [0023] In a modulation system such as a 16QAM modulation system with a variable phase and variable amplitude, 
the OFDM transmission/reception apparatus detects a fading variation by dividing an input signal in the pilot symbol 
interval by a pilot symbol. The OFDM transmission/reception apparatus then performs coherent detection by dividing 
the input signal by a signal indicating a fading variation. 

[0024] The OFDM transmission/reception apparatus can also use a delay detection system as the demodulation 
55 system. 

[0025] The coherent signals detected by coherent detectors 21 to 24 are judged by Deciders 25 to 28. After judg- 
ment, the 4 signals are converted to a single signal by P/S converter 29. In this way, a demoduiated signal is obtained. 
[0026] As shown above, the conventional OFDM transmission/reception apparatus adds a signal with the same 



D out (nT) 

35 = D ln (nT) * A (nT) * 

- A (nT) 
= D in (nT) * A (nT) 2 
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waveform as that of the last part of a valid symbol at the start of the valid symbol as a guard interval By providing the 
guard interval, the OFDM transmission/reception apparatus can eliminate a delayed signal whose delay time is shorter 
than the guard interval through DFT processing of the reception system. 

[0G27j The explanation above referred to a case where the number of carriers is 4, but the same apparatus config- 
5 uraiion can also be used when the number of carriers is increased to 8, 1 6 f 32, 64 1 and so on. 

However, the conventional OFDM transmission/reception apparatus adds a guard interval with a fixed length for every 
valid symbol independently of the channel quality. Therefore, in the case that the channel quality is good and the delay 
time of the delayed signal is short, a guard interval that is longer than necessary is added, which deteriorates the trans- 
mission efficiency. 

10 

SUMMARY OF THE INVENTION 

[002SJ tt is an objective of the present invention to provide an OFDM transmission/reception apparatus capable of 
improving. the transmission efficiency while maintaining the function of adding a guard interval to eliminate a delayed 
is signal. In order to achieve the objective above, the OFDM transmission/reception apparatus of the present invention 
changes the length of a guard interval added at the start of a valid symbol suitably to maintain the minimum necessary 
length of the guard Interval {that is, the guard interval of an appropriate length) to eliminate a delayed signal at a given 
moment and in a given environment. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] The above and other objects and features of the invention will appear more fully hereinafter from a consid- 
eration of the following description taken in connection with the accompanying drawing wherein one example is illus- 
trated by way of example, in which; 

25 

FIG. 1 is a block diagram showing an outlined configuration of a transmission system of a conventional OFDM trans- 
mission/reception apparatus; 

FiG.2 is a block diagram showing an outlined configuration of a reception system of the conventional OFDM trans- 
mission/reception apparatus; 
30 FIG.3 is a schematic diagram of a frame format in an OFDM-based radio communication; 

FIG.4 is a block diagram showing an outlined configuration of a coherent detector of an OFDM transmission/recep- 
tion apparatus; 

FIG.5 is a block diagram showing an outlined configuration of an OFDM transmission/reception apparatus accord- 
ing to Embodiment 1 of the present invention; 
35 FIG.6 is a block diagram showing an outlined configuration of a guard interval inserter of the OFDM transmis- 

sion/reception apparatus according to Embodiment 1 ; 

FIG. 7 is a timing chart showing an example of the step of a guard interval inserter of the OFDM transmission/recep- 
tion apparatus according to Embodiment 1 adding a guard interval; 

FIG .8 is a block diagram showing an outlined configuration of an optimal guard interval length detector of the 
40 OFDM transmission/reception apparatus according to Embodiment 1 ; 

FIG. 9 is a block diagram showing an outlined configuration of an optimal guard interval length detector of an OFDM 
transmission/reception apparatus according to Embodiment 2 of the present invention; 

FIG. 10 is a block diagram showing an outlined configuration of an optimal guard interval length detector of an 
OFDM transmission/reception apparatus according to Embodiment 3 of the present invention; 
45 ' FK3L1 1 is a block diagram showing an outlined configuration of an OFDM transmission/reception apparatus accord- 
ing to Embodiment 4 of the present invention; 

FIG.12 is a block diagram showing an outlined configuration of an optimal guard interval length detector of the 
OFDM transmission/reception apparatus according to Embodiment 4; 

FIG. 13 is a block diagram showing an outlined configuration of an OFDM transmission/reception apparatus accord- 
so ing to Embodiment 5 of the present invention; 

FIG. 14' is a graph showing a theoretical calculation result of an envelope information calculation approximate 
expression used in a level detector of an OFDM transmission/reception apparatus according to Embodiment 6 of 
the present invention; 

FIG.1 5 is a block diagram showing an outlined configuration of a level detector of the OFDM transmission/reception 
55 apparatus according to Embodiment 6; 

FIG.1 6 is a block diagram showing an outlined configuration of an OFDM transmission/reception apparatus accord- 
ing to Embodiment 7 of the present invention; 

FfG.17 is a block diagram showing an outlined configuration of an optimal guard interval length detector of an 
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OFDM transmission/reception apparatus according to Embodiment 8 of the present invention; 
. FIG, 18 is a block diagram showing an outlined configuration of an optimal guard interval length detector of an 
OFDM transmission/reception apparatus according to Embodiment 9 of the present invention; 
FIG. 19 is a biock diagram showing an outlined configuration of an OFDM transmission/reception apparatus accord - 
s tng to Embodiment 10 of the present invention; 

FIG. 20 is a block diagram showing an outlined configuration of an OFDM transmission/reception apparatus accord- 
ing to Embodiment 1 1 of the present invention; 

FIG .21 is a btock diagram showing an outlined configuration of an OFDM transmission/reception apparatus accord- 
ing to Embodiment 12 of the present invention; 
10 FIG. 22 is a block diagram showing an outlined configuration of an OFDM transmission/reception apparatus accord- 

ing to Embodiment 13 of the present invention; 

FIG.23 is a biock diagram showing an outlined configuration of a UW detector of the OFDM transmission/reception 
apparatus according to Embodiment 13 of the present invention; 

FIG.24 is a block diagram showing an outlined configuration of a UW detector of an OFDM transmission/reception 
15 apparatus according to Embodiment 14 of the present invention; 

FIG ,25 is a block diagram showing an outlined configuration of an OFDM transmission/reception apparatus accord- 
ing to Embodiment 15 of the present invention; 

FIG.2S is a block diagram showing an outlined configuration of a UW detector of the OFDM transmission/reception 
apparatus according to Embodiment 15 of the present invention; 
20 FiG.27 is a block diagram showing an outlined configuration of an OFDM transmission/reception apparatus accord- 
ing to Embodiment 16 of the present invention; 

FIG.28 is a block diagram showing an outlined configuration of a UW detector of the OFDM transmission/reception 
apparatus according to Embodiment 16 of the present invention; 

FIG.29 is a block diagram showing an outlined configuration of a UW detector of an OFDM transmission/reception 
25 apparatus according to Embodiment 1 7 of the present invention; 

FIG.30 is a block diagram showing an outlined configuration of an OFDM- transmission/reception apparatus accord- 
ing to Embodiment 18 of the present invention; 

FIG.31 is a timing chart showing an example of the step of a guard interval inserter of the OFDM transmis- 
sion/reception apparatus according to Embodiment 18 of the present invention adding a guard interval; and 
30 FJG.32 is a timing chart showing an example of the step of a guard interval eliminator of the OFDM transmis- 

sion/reception apparatus according to Embodiment 18 of the present invention eliminating a guard interval, 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

35 [0030] With reference now to the attached drawings, the embodiments of the present invention are explained in 
detail below. 

(Embodiment 1) 

40 [0031] The OFDM transmission/reception apparatus according to Embodiment 1 of the present invention is 
explained using FIG. 5. FIG.5 is a block diagram showing an outlined configuration of the OFDM transmission/reception 
apparatus according to Embodiment 1 of the present invention, 

[0032] BP converter 101 converts a serial input signal to a plurality of parallel signals. Switches 102 and 103 switch 
between two input signals and outputs either of the two, IDFT circuit 1 04 performs IDFT processing on the input signals. 

45 Guard interval inserter 105 inserts a guard interval into the input signal for every vaHd symbol. D/A converter 106 per- 
forms D/A conversion on the signal with a guard interval inserted. In this way, a transmission signal is obtained. 
[0033] A/D converter 107 performs A/D conversion on a reception signal. Delayer 108 delays the input signal by a 
valid symbol length. Correlator 1 09 despreads the input signal. Timing generator 1 1 0 detects the timing of the reception 
signal at which the correlation value becomes largest. Guard interval eliminator 111 eiiminates the guard interval 

so inserted for every valid symbol. DFT circuit 1 12 performs DFT processing on the input signal. 

[0034] Coherent detectors 113 to 116 perform coherent detection on the input signal. Deciders 117 to 120 judge 
the input signals. Switch 121 selects a control signal to select the optimal guard length from the signal output from 
Decider 120. Subtracter 122 performs a subtraction between the signal input to Decider 117 and the signal output from 
Decider 1 17. Optimal guard interval length detector 123 generates a control signal to select the optimal guard interval 

55 length from the output of subtractor 122. P/S converter 124 converts a plurality of parallel input signals to a serial signal. 
[0035] Then, the operation of the OFDM transmission/reception apparatus according to the present embodiment is 
explained. Here, a case where the number of carriers is 4 is explained, for example. 

[0036] First, the operation of the transmission system is explained. The OFDM transmission/reception apparatus of 
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the present embodiment adds a signal to detect an optimal guard interval length (hereinafter referred to as "optimal 
guard interval length detection signal") to a carrier (here, a first carrier, for example) and adds a control signal to select 
an optimal guard interval length (hereinafter referred to as "optimal guard interval length selection control signal") to a . 
carrier (here, a fourth carrier, for example). The OFDM transmission/reception apparatus of the present embodiment 
5 can also add an optimal guard interval length detection signal and optimal guard interval length selection control signal 
to a same carrier. 

[0037] A plurality of symbols contained in the optimal guard interval length detection signal indicates different guard 
interval lengths. Here, suppose a symbol period consists of 8 symbols and an optimal guard interval length detection 
signal consists of 4 symbols. Therefore, in the case that the decision error of the first symbol is large, the first symbol 

10 of the optimal guard interval length detection signal indicates that a guard interval length of "symbol period/2" is 
required. Likewise, the second symbol indicates that a guard interval length of n 3 x symbol period/4" is required; third 
symbol, a guard interval length of "symbol period/S"; and fourth symbol, a guard interval lengths of "symbol perrod/8. n 
E003SJ A demodulated signal input to the transmission system is S/P -converted by S/P converter 1 01 . This results 
in 4 demodulated signals, which are transmitted by a first carrier, second carrier, third carrier and fourth carrier, respec- 

15 tiveiy. 

[0039] Switch 102 switches between the demodulated signal transmitted by the first carrier and the optimal guard 
interval length detection signal and outputs either one to IDFT circuit 104. Furthermore switch 103 switches between 
the demodulated signal transmitted by the fourth carrier and the optimal guard interval length selection control signal 
and outputs either one to IDFT circuit 104. 
20 [0040] IDFT circuit 1 04 performs IDFT processing on the modulated signals output from S/P converter 101, which 
are transmitted by the second and third carrier. Furthermore, IDFT circuit 104 performs IDFT processing on the signals 
output from switches 102 and 103. 

[0041] Then, guard interval inserter 105 adds a guard interval into the IDFT-processed signal. An. OFDM transmis- 
sion/reception apparatus generally uses a frame format as shown in the frame format schematic diagram in FIG. 3. That 
25 is, in the frame format generally used in an OFDM transmission/reception apparatus, the signal having the same wave- 
form as that at the last pari of a valid symbol is added at the start of the valid syrnbof as a guard interval. The OFDM 
transmission/reception apparatus can eliminate a delayed signal whose delay time is shorter than the length of this 
guard interval through DFT processing of the reception system, 

[0042] The signal wrth a guard interval added is converted to an analog signal by D/A converter 106 and becomes 
30 a transmission signal. 

[0043] Here, guard interval inserter 1 05 is explained using FIG.6, FIG.6 is a block diagram showing an outlined con- 
figuration of the guard interval inserter of the OFDlvl transmission/reception apparatus of the present embodiment. 
[0044] S/P converter 201 performs S/P conversion on the optimal guard interval length selection control signal 
which is the output of Decider 120. Switches 202 to 204 switch between two input signals and outputs either one. Log- 
35 teal product calculator 205 performs a logical product calculation of the two input signals. P/S converter 206 converts a 
plurality of parallel input signals to a serial signal 

[0045] The optimal guard interval length selection control signal is split into three control signals for switches 202, 
203 and 204 by S/P converter 201 . 

[0046] To switch 202, window signal 1 with a high-level interval of "symbol period/2" and window signal 2 with a 
40 high-level interval of "3 x symbol penod/8" are input. On the other hand, to switch 203, the output signal of switch 202 
and window signal 3 with a high-level interval of "symbol period/4" are input. To switch 204, the output signal of switch 
203 and window signal 4 with a high-level interval of "symbol period/8 n are input, in this way, the number of window sig- 
nals is the same as the number of symbols of the optimal guard interval length detection signal. 
[0047] Then, switches 202 to 204 select window signals as shown in the table below. 

45 



Control signal to 
switch 202 


Control signal to 
switch 203 


Control signal to 
switch 204 


Output of switch 204 {window signal 
selected) 


0 


0 


0 


Window signal 1 [symbol period/2] 


1 


0 


0 


Window signal 2 [3 x symbol period/8] 


1 


1 


0 


Window signal 3 [symbol period/4} 


1 


1 


1 


Window signaf 4 [symbol period/8] 



[0048] As shown above, the OFDM transmission/reception apparatus of the present embodiment selects window 
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signals using the decision error of each symbol of the optimal guard interval iengih detection signal. Then, the OFDM 
transmission/reception apparatus of the present embodiment can decide the guard interval length by calculating a log- 
ical product of the selected window signal (output of switch 204) and a. valid symbol. 

[0049] Logical product calculator 205 calculates the logical product of the output of switch 204 and the output of 
5 ID FT circuit 104. In this way, the OFDM transmission/reception apparatus of the present embodiment can extract part 
of a valid symbol, and thus can generate a guard interval. 

[0050] Then, P/S converter 206 performs P/S conversion of the guard interval signal, which is the output of logical 
product calculator 205, and the output signal of IDFT circuit 104. In this way, an IDFT signal with a guard interval 
inserted is obtained. 

to |0051] Here, the step of guard interval inserter 105 generating guard intervals is explained using F1G.7. F1G-7 is a 
timing chart showing an example of the step of the guard interval inserter of the OFDM transmission/reception appara- 
. tus of the present embodiment generating guard intervals. 
[0052] The signal shown at A represents a valid symbol. Likewise, B represents window signal 1 ; G, window signal 
2; D, window signal 3; E, window signal 4; F, guard interval signal; G, valid signal delayed by 1 symbol; and H IDFT 

75 signal after addition of a guard interval. 

[0053] The OFDM transmission/reception apparatus of the present embodiment selects one of window signals with 
different high-level interval lengths and finds the logical product of the window signal and the valid symbol, in this way 
the OFDM transmission/reception apparatus of the present embodiment can set the same number of guard interval 
lengths as the number of window signals. 

20 [0054] For example, the guard interval signal shown at F is generated as follows. That is, the OFDM transmis- 
sion/reception apparatus of the present embodiment calculates the logical product of the valid symbol - shown at A and 
window signal 3 shown at D to extract the symbol with the same length as the high-level interval of window signal 3 
shown at D from the last part of valid symboJ A. In this way the guard interval signal shown at F is generated. 
[0055] As shown above, the OFDM transmission/reception apparatus of the present embodiment selects a window 

25 signal with a different high-level interval length every time an optimal guard interval length detection signal inserted into 
a transmission signal is received. Then, the OFDM transmission/reception apparatus of the present embodiment calcu- 
lates the logical product of the selected window signal and valid symbol to generate a guard interval according to the 
channel quality, In this way, the OFDM transmission/reception apparatus of the present embodiment can expand/con- 
tract a guard interval length according to the channel quality. 

3D [0056] Then, the operation of the reception system of the OFDM transmission/reception apparatus of the present 
embodiment is explained using F1G.5. 

[0057] The reception signal input to the reception system is converted to a digital signal by A/D converter 107. 

[0058] The OFDM transmission/reception apparatus of the present embodiment calculates a correiation between a 

pre-DFT signal and the pre-DFT signal delayed by a valid symbol length. The OFDM transmission/reception apparatus 
35 of the present embodiment detects the integration interval of DFT by detecting the timing at which the correlation result 

becomes largest. More specifically, delayer 108 delays the reception signal by the valid symbol length, then correlator 

109 calculates a correlation and timing generator 1 1 0 detects the timing at which the correlation result becomes largest. 

Guard interval eliminator 1 1 1 eliminates the guard interval from the reception signal according to this detection result. 

[0059] The reception signal stripped of the guard interval is DFT-processed by DFT circuit 112. This results in 4 
40 baseband signals, which are carried' by 4 carriers. The 4 baseband signals are subjected to coherent detection by 

coherent detectors 1 13 to 1 16, respectively. In this way, coherent detected signals are obtained. Here, a delay detection 

system can also be used as the demodulation system. 

[0060] The coherent detected signals obtained by coherent detectors 1 13 to 116 are judged by Deciders 117 to 
120. The 4 signals judged by Deciders 11 7 to 1 20 are converted to a serial signal by P/S converter 1 24. in this way, a 
45 demodulated signal is obtained, 

[0061 ] On the other hand, switch 121 selects only the optima! guard interval length selection control signal from the 
output signal of Decider 120 and outputs it to guard interval inserter 105. 

[0062] Subtractor 122 carries out a subtraction between the signal input to Decider 117 and the signal output from 
Decider 1 1 7 to calculate the decision error. Here, this decision error is determined as the channel quality Optimal guard 
50 interval length detector 123 generates an optimal guard interval length selection control signal using the decision error 
calculated by subtractor 122, that is, channel quality information. 

[0063] Here, the optimal guard interval length detector of the OFDM transmission/reception apparatus of the 
present embodiment is explained using FIG.8. FIG.8 is a block diagram showing an outlined configuration of the optimal 
guard interval length detector of the OFDM transmission/reception apparatus of the present embodiment. 
55 [0064] The derision error input to optimal guard interval length detector 1 23 is selectively output by switch 401 and 
S/P -converted by S/P converter 402. 

[0065] Subtractor 403 calculates a subtraction between the first output of S/P converter 402 and the second output 
of S/P converter 402. Likewise, subtractor 404 calculates a subtraction between the first output and the third output, and 



7 



BN'SDOdD' <EP _1014639A2_f_> 



EF1 014 639 A2 



subtracter 405 calculates a subtraction between the first output and the fourth output 

[00663 in this way, optimal guard interval length detector 1 23 finds a difference between the decision error of the 
symbol indicating the longest guard interval length (here, decision error of the symbol indicating "symbol period/2" 
which is the first output of S/P converter 402) and the decision error of another symbol. 
5 [0067] Furthermore, subtractor 406 calculates a subtraction between the output of subtracter 403 and a threshold. 
Likewise, subtractor 407 calculates a subtraction between the output of subtractor 404 and the threshold, and subtrac- 
tor 408 calculates a subtraction between the output of subtractor 405 and the threshold. Then, Deciders 409 to 411 
judge the outputs of subtracters 406 to 408. 

[0068] As shown above, decision errors are compared with thresholds. Then, guard interval inserter 1 05 inserts the 
io guard interval with the shortest guard interval of the guard intervals indicated by the symbols producing decision errors 
less than the threshold into the transmission signal. 

[0069] That is, Deciders 409 to 41 1 output a high level (1, for example) in the case that the decision error is not less 
than the threshold (that is, the channel quality is good) and output a low ievel (0, for example) in the case that the deci- 
sion error is less than the threshoid. Then, the outputs of Deciders 409 to 41 1 are Reconverted by P/S converter 41 2 
is to become an optimal guard interval length selection control signal. This optimal guard interval length selection control 
signal is included in the transmission signal and transmitted. 

[0070] The received optima! guard interval length selection control signal is S/P -converted to control signals for 
switches 202 to 204 by S/P converter 201. That is, the outputs of Deciders 409 to 411 become control signals for 
switches 202 to 204. The guard interval insertion procedure hereafter is as already described. 

20 [0071] As shown above, the OFDM transmission/reception apparatus of the present embodiment detects the 
reception condition of each symbol of an optimal guard interval length detection signal and decides up to which of the 
4 symbols have been received. This allows the OFDM transmission/reception apparatus of the present embodiment to 
detect the minimum necessary guard interval length to eliminate delayed signals, making it possible to change the 
guard interval to an appropriate length suitably, 

25 [0072] The length of a guard interval to be added to each symbol should be longer than the maximum delay time 
of a delayed signal assumed in an environment in which the OFDM transmission/reception apparatus of the present 
embodiment is used, However, such a delayed signal with the maximum delay time assumed does not always exist. 
Therefore, as described above, the OFDM transmission/reception apparatus of the present embodiment can improve 
the transmission efficiency without deteriorating the error rate characteristic by adaptivefy changing the length of guard 

30 intervals to prevent any guard interval that is longer than required from being provided. 

[0073] As shown above, the OFDfvl transmission/reception apparatus of the present embodiment can improve the 
transmission efficiency by adaptively changing the length of guard intervals, 

[0074] The present embodiment is explained assuming that the number of carriers is 4, but the number of carriers 
can be increased to 8, 16, 32, and 64, and so on with an apparatus configuration similar to the configuration above, 
35 [0075] in the present embodiment, the types of window signals are not limited to the 4 types above, but any number 
of window signals with a predetermined high-level intervals can be set, 

[0076] Furthermore, in the present embodiment, FFT (Fast Fourier Transform) and IFFT (Inverse Fast Fourier 
Transform) can also be used instead of DFT and ID FT Similar effects can be achieved in such cases, too, 

40 (Embodiment 2) 

[0077] The OFDM transmission/reception apparatus of Embodiment 2 of the present invention has the same con- 
figuration as that of the OFDM transmission/reception apparatus of Embodiment 1 and uses symbols of optimal guard 
interval length detection signals of a plurality of bursts, 

45 [0078] The optimal guard interval length detector of the OFDM transmission/reception apparatus of the present 
embodiment is explained below using FIG.9. FIG.9 is a block diagram showing an outlined configuration of the optimal 
guard interval length detector of the OFDM transmission/reception apparatus o1 Embodiment 2 of the present invention. 
The parts with the same configuration as that of Embodiment 1 are assigned the same numbers and their detailed 
explanations are omitted, 

so [0079] Averagers 501 to 503 perform averaging on the outputs of subtracters 403 to 405. 

[0080] In this way, the optimal guard interval length detector performs averaging using symbols of optimal guard 
interval length detection signals of a plurality of bursts. Therefore, the OFDM transmission/reception apparatus of the 
present embodiment can achieve higher accuracy of an optimal guard interval length selection control signal than that 
of the OFDM transmission/reception apparatus of Embodiment 1 . 

55 

(Embodiment 3) 

[0081] The OFDM transmission/reception apparatus of Embodiment 3 of the present invention has the same con- 
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figuration as that of the OFDM transmission/reception apparatus of Embodiment 1 and inserts symbols for optimal 
guard interval length detection signals into a plurality of carriers. 

[0082] The optimal guard interval length detector of the OFDM transmission/reception apparatus of the present 
embodiment is explained below using FIG. 10. FIG. 10 is a block diagram showing an outlined configuration of the opti- 
5 mal guard interval length detector of the OFDM transmission/reception apparatus of Embodiment 3 of the present 
invention. The parts with the same configuration as that of Embodiment 1 are assigned the same numbers and their 
detailed explanations are omitted. 

[0083] The transmission system of the OFDM transmission/reception apparatus of the present embodiment has 
switch 601 . With switch 601 ( an optimal guard interval iength detection signal is inserted into not only carrier 1 but also 
io carrier 2. 

[0084] Furthermore, the reception system of the OFDM transmission/reception apparatus of the present embodi- 
ment also has subtracter 602 and Averager 603. Subtractor 602 calculates the decision error of carrier 2. Averager 603 
calculates the average of decision errors of carrier 1 and carrier 2_ Averager 603 outputs the average vafue of the deci- 
sion errors to optimal guard interval length detector 123. 
is E0Q85] As shown above, the OFDM transmission/reception apparatus of the present embodiment inserts an optimal 
guard interval iength detection signal into a plurality of carriers and generates an optimal guard interval length selection 
control signal using the average value of decision errors. This allows the OFDM transmission/reception apparatus of the 
present embodiment to achieve higher accumcy of optima! guard interval length selection control signal than that of the 
OFDM transmission/reception apparatuses of Embodiments 1 and 2, 

20 

{Embodiment 4) 

[0086] The OFDM transmission/reception apparatus of Embodiment 4 of the present invention has the same con- 
figuration as that of the OFDM transmission/reception apparatus of Embodiment 3, but does not average optimal guard 
25 interval length detection signals before they are input to the optimal guard interval length detector and performs a logi- 
cal product calculation on the optimal guard interval length detection signals using the optimal guard interval iength 
detector. 

[0087] The optimal guard interval length detector of the OFDM transmission/reception apparatus of the present 
embodiment is explained below using FIG. 11 and FIG.12. 
30 FIG1 1 is a block diagram showing an outlined configuration of the OFDM transmission/reception apparatus of Embod- 
iment 4 of the present invention. FIG.12 is a block diagram showing an outlined configuration of the optimal guard inter- 
val iength detector of the OFDM transmission/reception apparatus of Embodiment 4 of the present invention. The parts 
with the same configuration as that of Embodiments 1 and 3 are assigned the same numbers and their detailed expla- 
nations are omitted. 

35 [0083] As shown in FIG. 1 1 1 the OFDM transmission/reception apparatus of the present embodiment does not aver- 
age the decision errors of carrier 1 and carrier 2, and inputs the decision errors of carrier 1 and carrier 2 to optimal 
guard interval length detector 701 . * . 

[0089] Then, as shown in FiG.1 2, logical product calculators 801 to 803 perform a logical product calculation on tie 
outputs of Deciders 409 to 41 1 for carrier 1 and the outputs of Deciders 409 to 411 for carrier 2. 
40 [0090] As shown above, the OFDM transmission/reception apparatus of the present embodiment can achieve 
higher accuracy of an optimal guard interval length selection control signal by selecting a guard interval length whose 
difference between decision errors falls below a threshold as the optimal guard interval length in all carriers into which 
symbols for optimal guard interval detection have been inserted. 

45 {Embodiment 5) 

[0091] The OFDM transmission/reception apparatus of Embodiment 5 of the present invention has the same con- 
figuration as that of the OFDM transmission/reception apparatus of Embodiment 3 but does not use carriers whose 
reception level falls below a threshold to detect the optimal guard interval length. 
so [0092] The optima! guard interval length detector of the OFDM transmission/reception apparatus of the present 
embodiment is explained below using FIG.13. 

FIG.1 3 is a block diagram showing an outlined configuration of the OFDM transmission/reception apparatus of Embod- 
iment 5 of the present invention. The parts with the same configuration as that of Embodiments 1 and 3 are assigned 
the same numbers and their detailed explanations are omitted. 
55 [0093] Square sum calculator 901 calculates the sum of squares of coherent detected signals of carrier 1 . Square 
sum calculator 902 calculates the sum of squares of coherent detected signals of carrier 2. 

[0094] Then, subtractor 903 carries out a subtraction between the output of square sum calculator 901 and a 
threshold and Decider 905 decides which is larger/smaller based on the subtraction result. Subtractor 904 carries out 
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a subtraction between the output of square sum calculator 902 and the threshold and Decider 906 decides which is 
larger/smaller based on the subtraction result. 

[0095] Switches 907 and 908 are controlled by Deciders 905 and 906. respectively. In the case that the reception 
levels of their respective carriers (that is, the outputs of square sum calculators 901 and 902) are less than the thresh- 

5 old, switches 907 and 908 do not output the decision errors of the carriers to Averager 603. 

[0096] As shown above, based on the fact that the reception levels vary for .each carrier in a frequency selection 
fading environment, the OFDM transmission/reception apparatus of the present embodiment assumes that the carrier 
whose reception level fails below the threshold does not have good channel quality and does not use the carrier whose 
reception level falls below the threshold for detection of the optimal guard interval length. This allows the OFDM trans- 

io mission/reception apparaius of the present embodiment to achieve higher accuracy of optimal guard interval length 
selection control signals. 

(Embodiment 6) 

is [0097] The OFDM transmission/reception apparatus of Embodiment 6 of the present invention has the same con- 
figuration as that of the OFDM transmission/reception apparatus of Embodiment 5 and has a level detector with a sim- 
ple configuration instead of the square sum calculator. 

[0098] The present embodiment describes a case where the input signal is a GPSK-modulated signal and the 
known reference signal is a pilot symbol. 
20 [0099] The level detector of the present embodiment finds envelope information from the absolute values of the I 
component and Q component by approximate calculation and detects the reception level. 

[0100] Envelope information Z can be obtained from Z = V([l| 2 + jG| 2 ) . However, obtaining a square sum from 
Vftlj 2 + |Q| 2 ) requires a relatively great amount of calculation. Therefore, to reduce the amount of calculation to a mini- 
mum, it is possible to find a square sum by approximate calculation using approximate expression Z = |l| -f |Q| . How- 
25 ever, in the case that this approximate expression is used, the square sum becomes a maximum (when phase is 45° ) 
of 1 .41 4 times the value calculate by Vfll| 2 + ]Q| a ). That is, an error of a maximum of approximately 41% wili result, dete- 
riorating the error rate characteristic. 

[0101] Therefore, the OFDM transmission/reception apparatus of the present embodiment uses an approximate 
expression using a simple multiplication by a bit shift. That is, the OFDM transmission/reception apparatus of the 
30 present embodiment uses Z « |f| + 0.375 x |Qj when |I|>(Q| and Z = |Q| + 0.375 x ji| when |Q|>|ii as an approximate 
expression. 

[0102] FJG.14 is a graph showing the result of a theoretical calculation of the relationship between phase 6 and esti- 
mated radius (that is amplitude) when Pl>[G| (that is. range of 0 m. e ^45° ). From this graph, it is clearly seen that using 
the above approximate expression makes it possible to obtain envelope information with an error within 7% of the case 
35 obtained with a square sum. 

[0103] Then, the level detector of the OFDM transmission/reception apparatus of the present embodiment obtains 
envelope information using the above approximate expression and detects the reception level. 

[0104] The level detector of the OFDM transmission/reception apparatus of the present embodiment is explained 
using FIG. 15. FIG.15 is a block diagram showing an outlined configuration of the level detector of the OFDM transmis- 

40 sion/reception apparatus of Embodiment 6. 

[0105] The I component and Q component of one carrier after coherent detection processing are input to absolute 
value detectors 1 1 01 and 1 1 02. Absolute value detectors 1101 and 1 1 02 calculate the absolute values of input signals 
and outputs the absolute values to subtracter 1 105 and adder 1110. The I component or Q component is selected by 
switches 1 1 03 and 1 1 04, The subtraction result from subtracter 1 1 05 is judged by Decider 11 06. The decision results 

45 are used to control switches 1 103 and 11 04. 

[0106] 2-bit shifter 1 1 07 and 3-bit shifter 1 1 08 shift the output of switch 11 04 by 2 bits and 3 bits, respectively. The 
outputs of 2-bit shifter 1 1 07 and 3-bit shifter 1 108 are added up by adder 1 109. This allows multiplication processing of 
0.375 in the above approximate expression to be performed. Adder 1 1 10 adds up the output of switch 1103 and the out- 
put of adder 1109 and outputs envelope information. 

50 [0107] Then, the operation of the level detector of the OFDM transmission/reception apparatus of the present 
embodiment is explained. 

[0108] The absolute values of the I component and Q component are calculated by absolute value detectors 1101 
and 1 1 02, respectively. In this way, absolute values [I] and |Q| are obtained. 

[0109] Then, subtracter 1105 performs a subtraction between the outputs of absolute value detectors 1101 and 
55 1 102 (jl[ and |Q|). Decider 1 1 06 decides which is iarger/smalier based on the subtraction result. The outputs of absolute 
value detectors 1 1 01 and 1 1 02 (|f| and \Q\) are selected by switches 1 1 03 and 1 1 04, respectively and output. Switches 
1 103 and 1 104 select the signal to be output according to the decision result of Decider 1 106. 

[0110] When the output of Decider 1106 indicates [!|>|Q| t switch 1103 outputs |l|. When the output of Decider 1106 



10 



miAR , aQfi9 I -7- 



EP1 014 639 A2 



indicates |Q|>|I!. switch 1 103 outputs |Q|. Furthermore, when the output of Decider 11 06 indicates \\\>\Q\, switch 1104 
outputs [Q|. When the output of Decider 1 106 indicates |Qj>|!|, switch 1 104 outputs fl[. in short, switch 11 03 outputs Si| 
or |Q[, whichever is greater and switch 1104 outputs |t[ or |Gj, whichever is smaller, 

[01 i 1 ] The smaller one of |l| or \Q\ output from switch 11 04 is shifted by 2 bits and 3 bits by 2-bit shifter 1 107 and 

s 3-bit shifter 1108, respectively. 

[0112] Since a 1-bit shift reduces the amplitude to half, the amplitude becomes 0.25 times with a 2-bit shift and 
0.125 times with a 3-bst shift. Therefore, the amplitude of the output signal of 2-bit shifter 1 107 becomes 0.25 times the 
amplitude of the output signal of switch 1 104. The amplitude of the output signal of 3-bit shifter 1108 becomes 0.125 
times the amplitude of the output signal of switch 1 104, 

io [01 1 3] Then, adder 1 1 09 adds up the output signal of 2-bit shifter 1 1 07 (0.25 * [ij or 0.25 x |Q[) and the output sig- 
nal of 3-bit shifter 1108 {0.125 * |fj or 0.125 x |Q|). Therefore, the output signal of adder 1109 becomes 0.375* |!| or 
0.375 x |Q|. 

[0114] Then, adder 1110 adds up the output signal of switch 1103 (|l| or |Q[) and the output signal of adder 1109 
(0.375x jl[ or 0.375 x |Q[). From this, envelope information 2 is obtained from the approximate expression above. 

15 [0115] As shown above, the level detector of the OFDM transmission/reception apparatus of the present embodi- 
ment detects the reception level by finding an envelope, and thus it does not perform a multiplication unlike the square 
sum calculator of Embodiment 5. Therefore, the OFDM transmission/reception apparatus of the present embodiment 
has a simpler configuration, making it possible to reduce the necessary amount of calculation. 
[0116] Moreover, the OFDM transmission/reception apparatus of the present embodiment can further reduce the 

20 necessary amount of calculation in calculating an envelope by using an approximate expression only consisting of sim- 
ple multiplications and additions, which can be implemented by bit shifts on the circuit. 

[0117] The present embodiment describes the case where the input signal is a GPSK-modulated signal. However, 
the above apparatus configuration is also applicable to any other cases where other modulation systems are used so 
long as the input signal can be separated into the I component and Q component 

25 

(Embodiment 7) 

[0118] The OFDM transmission/reception apparatus of Embodiment 7 of the present invention has the same con- 
figuration as that of the OFDM transmission/reception apparatus of Embodiment 1 and uses a Known symbol as the 

30 optimal guard interval iength detection signal. 

[0113] The OFDM transmission/reception apparatus of the present embodiment is explained below using FIG.16. 
FIG. 1 6 is a block diagram showing an outlined configuration of the OFDM transmission/reception apparatus of Embod- 
iment 7 of the present invention. The parte with the same configuration as that of Embodiment 1 are assigned the same 
numbers and their detailed explanations are omitted. 

35 {01 20] As shown in FIG. 1 6 r the OFDM transmission/reception apparatus of the present embodiment uses a known 
symbol as the optimal guard interval length detection signal. Subtracter 1201 performs a subtraction between the car- 
rier 1 signal prior to its input to Decider 1 1 7 and a known symbol and outputs the difference between these two to opti- 
mal guard interval length detector 123. 

[0121 ] Thus, the OFDM transmission/reception apparatus of the present embodiment uses a known symbol as the 
40 optimal guard interval length detection signal, therefore can improve the accuracy of the optimal guard interval length 
selection control signal. 

(Embodiments) 

45 [0122] The OFDM transmission/reception apparatus of Embodiment 8 of the present invention has the same con- 
figuration as that of the OFDM transmission/reception apparatus of Embodiment 1 and uses a variable threshold to be 
used in the optimal guard interval iength detector. 

{0123] The OFDM transmission/reception apparatus of the present embodiment is explained below using FIG.17. 
F!G,1 7 is a block diagram showing an outlined configuration of the optimal guard interval length detector of the OFDM 

so transmission/reception apparatus of Embodiment 8 of the present invention. The parts with the same configuration as 
that of Embodiment 1 are assigned the same numbers and their detailed explanations are omitted. 
[0124] Switch 1301 selects an input decision error and outputs itto S/P converter 402 and Averager 1302. The pre- 
vious burst channel quality information is stored in memory 1304 by the switching of switch 1303. 
[01 25] The channel quality information stored in memory 1 304 is subj ected to a subtraction with threshold A by sub- 

55 tractor 1305. Decider 1305 decides which is larger/smaller based on the subtraction result. Switch 1307 is controlled by 
the decision result of Decider 1306 and outputs either threshold B or threshold C. Here, suppose threshold B > thresh- 
old C. 

[0126] As shown above, considering the possibility that if, for example, the channel quality is bad, variations in the 
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decision error will increase and a longer guard interval length than the optimal guard interval length will be selected, the 
OFDM transmission/reception apparatus of the present embodiment can improve the accuracy of the optimal guard 
interval length selection control signai by changing the threshold to a greater value in the case that the decision error 
information stored in memory exceeds the threshold. 

5 

(Embodiment 9) 

[0127] The OFDM transmission/reception apparatus of Embodiment 9 of the present invention has the same con- 
figuration as that of the OFDM transmission/reception apparatus of Embodiment 1 , and selects a guard interval length 
10 in which a difference between decision errors falls below a threshold in a plurality of bursts as the optimal guard interval 
length. 

[0128] The OFDM transmission/reception apparatus of the present embodiment is explained below using FIG.1S. 
FIG. 18 is a block diagram showing an outlined configuration of the optimal guard interval length detector of the OFDM 
transmission/reception apparatus of Embodiment 9 of the present invention. The parts with the same configuration as 
is that of Embodiment 1 are assigned the same numbers and their detailed explanations are omitted. 

[0129] in FIG. 18, counters 1401 to 1403 output the outputs of Deciders 409 to 411 for every a plurality of bursts. 
Subtractors 1404 to 1 406 perform a subtraction between the outputs of counters 1 401 to 1 403 and a threshold. Decid- 
ers 1407 to 1409 decide which is larger/smaller based on the subtraction results. 

[0130] Thus, the OFDM transmission/reception apparatus of the present embodiment selects a guard interval 
20 length in which a difference between decision errors falls below a threshold in a plurality of bursts as the optimal guard . 
interval length, thus improving the accuracy of the optimal guard interval length selection control signal. 

(Embodiment 10) 

25 [01 31 J The OFDM transmission/reception apparatus of Embodiment 1 0 of the present invention has the same con- 
figuration as that of the OFDM transmission/reception apparatus of Embodiment 1 , and sets the maximum guard inter- 
val length in the case that the channel quality of the carrier into which an optimal guard interval length selection control 
signal is inserted falls below a threshold. 

[0132] The OFDM transmission/reception apparatus of the present embodiment is explained below using FIG. 19. 
so FSG.19 is a block diagram showing an outlined configuration of the OFDM transmission/reception apparatus of Embod- 
iment 9 of the present invention. The parts with the same configuration as that of Embodiment 1 are assigned the same 
numbers and their detailed explanations are omitted, 

[0133] in FIG. 19, subtracter 1501 performs a subtraction on the carrier into which an optima! guard interval length 
selection control signal is inserted (here carrier 4) between the signal before being input to Decider 120 and the output 

36 signal from Decider 120. That is, subtracter 1501 calculates a decision error of carrier 4. 

[0134] Then, the decision error of carrier 4 is averaged by Averager 1502, Subtracter 1503 performs a subtraction 
between the averaged decision error and a threshold. Decider 1 504 decides which is larger/smaller based on the sub- 
traction result Switch 1505 is controlled by the decision result of Decider 1504 and selects either the output of optimal 
guard interval length detector 123 or the control signal indicating the maximum guard interval and outputs it to switch 

40 103. 

10135] Thus, the OFDM transmission/reception apparatus of the present embodiment sets the maximum guard 
interval length in the case that the channel quality of the carrier into which an optimal guard interval length selection 
control signal is inserted falls below a threshold. Thus t in the case that an error exists in the optimal guard interval 
length selection control signal after demodulation, the OFDM transmission/reception apparatus of the present embed- 
45 iment can prevent the optimal guard interval length from failing to be set, and thus prevent the error rate characteristic 
from deteriorating. 

[0136] By the way, the OFDM transmission/reception apparatus of the present embodiment can also achieve the 
same effect as that described above in the case that it performs error detection on the carrier into which the optimal 
guard interval length selection control signal is inserted and set the maximum guard interval length when an error is 
so detected. 

(Embodiment 1 1 ) 

[0137] The OFDM transmission/reception apparatus of Embodiment 1 1 of the present invention has the same con- 
55 figuration as that of the OFDM transmission/reception apparatus of Embodiment T, and eliminates the need for trans- 
mission/reception of a control signal about the guard interval length by transmitting a signal using the optimal guard 
interval length detected from a reception signal in both radio stations carrying out a radio communication. 
[01 38] The OFDM transmission/reception apparatus of the present embodiment is explained below using FIG. 20. 
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FIG.20 is a block diagram showing an outlined configuration of the OFDM transmission/reception apparatus of Embod- 
iment 1 1 of the present invention. The parts with the same configuration as that of Embodiment 1 are assigned the 
same numbers and their detailed explanations are omitted. 

[01 39] The present embodiment describes a case where a radio communication is carried out using a OFDM/TDD 
system. 

[0140] In FIG.2G, optimal guard interval length detector 1601 outputs a control signal about the guard interval 
length to guard interval inserter 105. 

10141 ] in a TDD system, a same frequency is used for the uplink and downlink, and therefore the channel informa- 
tion is identical for the uplink and downlink. Therefore, the OFDM transmission/reception apparatus of the present 
embodiment can eliminate the need for transmission/reception of the optimal guard interval length selection control sig- 
nal by transmitting a signal using the optimal guard interval length detected from the reception signal in both radio sta- 
tions carrying out a radio communication. 

[0142] In the case that the OFDM transmission/reception apparatus of the present embodiment uses the optimal 
guard interval length selection control signal, the OFDM transmission/reception apparatus of the present embodiment 
can aiso detect the optimal guard interval length even if an error exists in the optimal guard interval length selection con- 
trol signal after demodulation. Thus, the OFDM transmission/reception apparatus of the present embodiment can pre- 
vent the error rate characteristic of the control signal from deteriorating. 

(Embodiment 12) 

[0143] The OFDM transmission/reception apparatus of Embodiment 1 2 of the present invention has the same con- 
figuration as that of the OFDM transmission/reception apparatus of Embodiment 1 1 , and detects the optimal guard 
interval length using a control channel signal. 

[0144] The OFDM transmission/reception apparatus of the present embodiment is explained beiow using FIG.21 . 
FIG.21 is a block diagram showing an outlined configuration of the OFDM transmission/reception apparatus of Embod- 
iment 12 of the present invention. The parts with the same configuration as that of Embodiment 1 1 are assigned the 
same numbers and their detailed explanations are omitted. 

[0145] In FIG.21 , switches 1 701 and 1 702 are controlled by a control channel signal whose error is corrected more 
strongly than the user channel signal That is, the control channel signal controls the timing of inserting an optimal 
guard interval length detection signal in the transmission system and the timing of extracting an optimal guard interval 
length detection signal in the reception system. 

[0146] As shown above, the OFDM transmission/reception apparatus of the present embodiment detects the guard 
interval length using a controf channel signal, and therefore can reduce the probability that an error will occur in the con- 
trol signal that the optimal guard interval length detector outputs. 

{Embodiment 13) 

[0147] The OFDM transmission/reception apparatus of Embodiment 13 of the present invention has the same con- 
figuration as that of the OFDM transmission/reception apparatus of Embodiment 1, and controls the selection of the 
guard interval length to be added to a valid symbol using a known signaf (Unique Word; hereinafter referred to as H UW") 
to acquire synchronization of a plurality of frames. 

[0148] The OFDM transmission/reception apparatus of the present embodiment is explained below using FIG.22 
and FIG.23. FIG.22 is a block diagram showing an outiined configuration of the OFDM transmission/reception appara- 
tus of Embodiment 1 3 of the present invention. FK3.23 is a block diagram showing an outlined configuration of a UW 
detector of the OFDM transmission/reception apparatus of Embodiment 1 3 of the present invention. The parts with the 
same configuration as that of Embodiment 1 are assigned the same numbers and their detailed explanations are omit- 
ted. 

[0149] tn FIG. 22, the output of optimal guard interval length detector 123 controls switch 1801 . One of UW1 to UW4 
is selected by switch 1801 according to this control and output to switch 103. 

[01 50] Here, in the case that the decision error of UW1 is bad, UW1 indicates that a guard interval length of "symbol 
period/2" is necessary. Likewise, UW2 indicates that a guard interval length of "3 x symbol period/8 11 is necessary; UW3, 
guard interval .length of "symbol period/4"; and UW4, guard interval length of "symbol period/8 / f 
[0151] UW detector 1802 detects UW in the demodulated reception signal. The detected UW is selectively output 
to guard interval inserter 105 by switch 1803. 

[0152] Generally, in frame synchronization acquisition using UW, an exclusive OR calculation between UW and a 
demodulated signal is performed. In the case that the accumulated value of the results of the exclusive OR calculations 
exceeds a threshold, it is determined that frame synchronization has been acquired. Here, even if errors exist in the UW 
after demodulation in the case that the number of those errors is within the range that the accumulated value of the 
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exclusive OR calculation results exceeds a threshold, frame synchronization is correctly acquired. 
[0153] In FIG.23, exclusive OR calculators 1901 to 1904 perform exclusive OR calculations between the demodu- 
lated signal input to UW detector 1803 and each of UW1 to UW4. Subtracters 1905 to 1908 perform subtractions 
between the outputs of exclusive OR calculators 1901 to 1904 and a threshold. 
5 [0154] Deciders 1909 to 1912 judge the ouiputs of subtracters 1 905 to 1908, Then P/S converter 1913 converts 4 
parallel decision data to single serial data. 

[0155] Logical sum calculator 1914 performs a logicaJ sum calculation of the outputs of subtracters 1905 to 1908. 
Switch 1915 is controlled by the output of logical sum calculator 1914 and selectively outputs the output of P/S con- 
verter 1913. 

io [0156} As shown above, the OFDM transmission/reception apparatus of the present embodiment acquires frame 
synchronization using a plurality of UWs and controls the selection of a guard interval length according to the informa- 
tion on which UW has acquired frame synchronization. This allows the OFDM transmission/reception apparatus of the 
present embodiment to reduce the probability that an error wilt exist in the guard interval length selection control signal 
and thus prevent the error rate characteristic from deteriorating. 

is [0157] By the way, the OFDM transmission/reception apparatus of the present embodiment is especially valid for 
an OFDM system other than TDD. 

(Embodiment 14) 

so [01 58] The OFDM transmission/reception apparatus of Embodiment 1 4 of the present invention has the same con- 
figuration as that of the OFDM transmission/reception apparatus of Embodiment 13, and reduces the number of UWs 
used by the UW detector. 

[0159] The UW detector of the OFDM transmission/reception apparatus of the present embodiment is explained 
below using FIG.24. FIG.24 is a block diagram showing an outlined configuration of the UW detector of the OFDM trans- 

25 mission/reception apparatus of Embodiment 1 4 of the present invention. The parts with the same configuration as that 
of Embodiment 13 are assigned the same numbers and their detailed explanations are omitted. 
[0160] In FIG.24, exclusive OR calculator 2001 performs an exclusive OR calculation of the demodulated signal 
and UW1 . Exclusive OR calculator 2001 outputs the result of the exclusive OR calculation of the demodulated signal 
and UW1 to subtracter 2003. Exclusive OR calculator 2001 also outputs the result of the exclusive OR calculation of 

30 the demodulated signal and the inverted signal of UW1 to subtractor 2004. Likewise, exclusive OR calculator 2002 per- 
forms an exclusive OR calculation of the demodulated signal and UW2. Exclusive OR calculator 2002 outputs the result 
of the exclusive OR calculation of the demodulated signal and UW2 to subtractor 2005. Exclusive OR calculator 2002 
also outputs the result of the exclusive OR calculation of the demodulated signal and the inverted signal of UW2 to sub- 
tractor 2006. 

35 [0161] Here, in the case that the decision error of UW1 is large, UW1 indicates that a guard interval length of "sym- 
bol period/2" is necessary. Likewise, the inverted signal of UW1 indicates a guard interval length of "3 x symbol 
period/8" is necessary; UW2, a guard interval length of "symbol period/4"; and the inverted signal of UW2, a guard inter- 
val length of "symbol period/8." 

[01 62] As shown above, the OFDM transmrssi on/receptson apparatus of the present embodiment can reduce to half 
40 the number of exclusive OR calculations carried out by the UW detector by using the inverted signal of UW. This 
reduces the amount of calculation and simplifies the circuit configuration. 

(Embodiment 15) 

45 [0163] The OFDM transmission/reception apparatus of Embodiment 1 5 of the present invention has the same con- 
figuration as that of the OFDM transmission/reception apparatus of Embodiment 13 r and carries out UW detection 
using a demodulated signal prior to decision processing. 

[0164] The OFDM transmission/reception apparatus of the present embodiment is explained below using FfG.25 
and FIG.26. FIG.25 is a block diagram showing an outlined configuration of the OFDM transmission/reception appara- 
so tus of Embodiment 15 of the present invention. FiG.26 is a block diagram showing an outlined configuration of a UW 
detector of the OFDM transmission/reception apparatus of Embodiment 15 of the present invention. The parts with the 
same configuration as that of Embodiment 1 3 are assigned the same numbers and their detailed explanations are omit- 
ted. 

[0165] As shown in FIG.25, synchronization detection signals before being Input to Deciders 1 17 to 120 are input 
55 to UW detector 2101. 

[0166] Furthermore, as shown in FIG. 26, the demodulated signals input to UW detector 2101 are converted to a 
serial signal by P/S converter 2201. Multipliers 2202 to 2205 multiply the output signal of P/S converter 2201 by UW1 
to UW4, respectively. 



14 



EP 1 014 639 A2 



[0167] As shown above, the OFDM transmission/reception apparatus of the present embodiment acquires frame 
synchronization using coherent detected signals prior to decision processing, and thus can reduce the probability that 
an error will occur in a control signal. 

5 (Embodiment 16) 

[0168] The OFDM transmission/reception apparatus of Embodiment 16 of the present invention has the same con- 
figuration as that of the OFDM transmission/reception apparatus of Embodiment 13, and uses a variable threshold in 
UW detectors according to decision errors. 

io [0169] The OFDM transmission/reception apparatus of the present embodiment is explained below using FIG. 27 
and FIG.28. FIG. 27 is a block diagram showing an outlined configuration of the OFDM transmission/reception appara- 
tus of Embodiment 16 of the present invention. FIG.28 is a block diagram showing an outlined configuration of the UW 
detector of the OFDM transmission/reception apparatus of Embodiment 1 6 of the present invention. The parts with the 
same configuration as that of Embodiment 1 3 are assigned the same numbers and their detailed explanations are omit- 

15 ted, 

[0170] As shown in FIG.27, the decision error of carrier 1, which is the output of subtracter 122, together with a 
demodulated signal is input to UW detector 2301 . The decision error need not always be from carrier 1 . 
E0171] Furthermore, as shown in FIG.28, subtractor 2401 performs a subtraction between the decision error input 
to UW detector 2301 and threshold A. Then, Decider 2402 decides which is larger/smaller based on the subtraction 
20 result. Switch 2403 is controlled by the output of Decider 2402. Switch 2403 outputs threshold B in the case that the 
decision error is not less than the threshold and outputs threshold C in the case that the decision error is less than the 
threshold. Here, suppose threshold B > threshold C. 

[0172] As shown above, the OFDM transmission/reception apparatus of the present embodiment uses a variable 
threshold used to acquire frame synchronization in the UW detectors according to the channel quality. That is, the 
25 OFDM transmission/reception apparatus of the present embodiment decreases the threshold when the channel quality 
is bad. This allows the OFDM transmission/reception apparatus of the present embodiment to improve the accuracy of 
frame synchronization acquisition. Moreover, in the case that the channel quality is bad, the OFDM transmission/recep- 
tion apparatus of the present embodiment can also improve the accuracy of frame synchronization acquisition by reduc- 
ing the threshold using the channel quality information of the previous burst (for example, decision error). 

30 

(Embodiment 17) 

£0173] The OFDM transmission/reception apparatus of Embodiment 1 7 of the present invention has the same con* 

figuration as that of the OFDM transmission/reception apparatus of Embodiment 1 3, and in the case that the decision 
35 error in the UW detector exceeds a threshold, it controls in such a way that the guard interval length is maintained. 

[0174] The OFDM transmission/reception apparatus of the present embodiment is explained below using FiG.29. 

FIG.29 is a block diagram showing an outlined configuration of the UW detector of the OFDM transmission/reception 

apparatus of Embodiment 17 of the present invention. The parts with the same configuration as that of Embodiments 

1 3 and 16 are assigned the same numbers and their detailed explanations are omitted. 
40 [0175] In FIG. 29, switch 2501 is controlled by the output of Decider 2402. Switch 2501 selects either the output of 

switch 1915 or a zero value and outputs it. 

10176] As shown above, in the case that the channel quality is bad in the UW detector, the OFDM transmis- 
sion/reception apparatus of the present embodiment outputs a zero value to maintain the guard interval length without 
changing the threshold for acquisition of frame synchronization. Therefore, the OFDM transmission/reception appara- 
45 tus of the present embodiment can prevent the error rate characteristic from deteriorating or frame synchronization from 
failing to be acquired, a situation which is likely to occur when a threshold is changed with a bad channel quality. 

(Embodiment 13) 

so [01 77] The OFDM transmission/reception apparatus of Embodiment 1 8 of the present invention has the same con- 
figuration as that of the OFDM transmission/reception apparatus of Embodiment 1 , and does not change the length of 
a guard interval to be added to a valid symbol indicating important information, but always keeps it constant independ- 
ently of the channel quality. 

[0178] The "guard Interval length necessary to eliminate delayed signal" described so far in Embodiments 1 to 17 
55 has been the length apparently enough to achieve an error rate in a communication related to user data such as a mes- 
sage (hereinafter referred to as "normal information"). However, higher accuracy is required lor important information 
such as control information and retransmission information than normal information in terms of the error rate. 
[01 79J Thus, the OFDM transmission/reception apparatus of the present embodiment distinguishes important infor- 
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rnaiion from normal information in a transmission signal and does not change the length of a guard interval to be added 
to the valid symbol indicating important information according to the channel quality, but always keeps it constant. 
[0180] The OFDM transmission/reception apparatus of the present embodiment sets the guard interval length to be 
added to the valid symbol indicating the important information above to a certain length that allows an error rate lower 

5 than the error rate achieved by the guard interval to be added to the valid symbol indicating normal information. 

[0181 ] The OFDM transmission/reception apparatus of the present embodiment is explained below using FIG.30 to 
FiG.32. FIG.30 is a block diagram showing an outlined configuration of the OFDM transmission/reception apparatus of 
Embodiment 18 of the present invention. FIG.31 is a timing chart showing an example of the step of the guard interval 
inserter of the OFDM transmission/reception apparatus of Embodiment 13 of the present invention adding a guard 

w interval. FIG.32 is a timing chart showing an example of the step of the guard interval eliminator of the OFDM transmis- 
sion/reception apparatus of Embodiment 18 of the present invention eliminating a guard interval The parts with the 
same configuration as that of Embodiment 1 are assigned the same numbers and their detailed explanations are omit- 
ted. 

[0182] In FIG.30, a known timing control signal is input to guard interval inserter 2601 . Therefore, guard interval 
15 inserter 2601 can distinguish a symbol indicating normal information from another symbol indicating important informa- 
tion in the transmission symbol based on this timing. 

[0183] As described above, guard interval inserter 2601 changes the length of a guard interval to be added to a 
valid symbol according to the channel quality. However, based on the decision result above, guard interval inserter 2601 
sets the length of the guard interval to be added to the valid symbol indicating important information to a predetermined 
20 fixed value independently of the channel quality. On the other hand, in the case of the valid symbol indicating normal 
information, guard interval inserter 2601 sets a guard interval length according to the channel quality using the method 
described in Embodiment 1 . 

[0184] F1G.31 shows an example of the step of the guard interval inserter of the OFDM transmission/reception 
apparatus of the present embodiment adding a guard interval. As shown in the chart, a longer guard interval is added 
25 to the valid symbol indicating important information than the guard interval added to the valid symbol indicating normal 
. information. 

[0185] FiG.32 shows an example of the step of guard interval eliminator 111 of the OFDM transmission/reception 
apparatus ot the present embodiment eliminating a guard interval. Guard interval eliminator 1 1 1 is informed of the tim- 
ings of starting the guard interval and starting the valid symbol. Therefore, guard interval eliminator 1 1 1 can extract only 

30 valid symbols and eliminate guard intervals through normal processing even if the guard interval length in the valid sym- 
bol indicating normal information and the valid symbol indicating important information changes. 
[0186] As shown above, the OFDM transmission/reception apparatus of the present embodiment distinguishes 
important information from normal information in a transmission signal and sets the length of a guard interval to be 
added to the valid symbol indicating the important information to a predetermined value that implements an error rate 

35 lower than the error rate about the normal information independently of the channel quality. Through this, the OFDM 
transmission/reception apparatus of the present embodiment can change the length of a guard interval to be added to 
the valid symbol indicating the normal information thereby improving the transmission efficiency, while it can set a lower 
error rate for important information than for normal information. Thus, the OFDM transmission/reception apparatus of 
the present embodiment can improve the channef quality and transmission efficiency. 

40 

(Embodiment 19) 

[0187] The OFDM transmission/reception apparatus of Embodiment 1 9 of the present invention has the same con- 
figuration as that of the OFDM transmission/reception apparatus of Embodiment 18, and always adds to the valid sym- 
45 " bol indicating important information a guard interval longer by a certain length than the guard interval to be added to 
the valid symbol indicating normal information. 

[0188] Since the OFDM transmission/reception apparatus of Embodiment 1 8 always adds a certain length of guard 
interval to the valid symbol indicating important information, in the case that the error rate is low and the channel quality 
is high, a longer guard interval than is necessary is added. 
so [0189] Thus, in the guard interval length setting in the present embodiment, the OFDM transmission/reception 
apparatus sets the length of the guard interval to be added to the valid symbol indicating important information to the 
length of the guard interval to be added to the valid symbol indicating normal information according to the channel qual- 
ity plus a predetermined constant value. 

[0190] In this way, the OFDM transmission/reception apparatus of the present embodiment distinguishes important 
55 information from normal information in the transmission signal and always sets the length of the guard interval to be 
added to the valid symbol indicating important information longer than the guard interval to be added to the valid symbol 
indicating normal information by a predetermined constant value. Through this, the OFDM transmission/reception 
apparatus of the present embodiment can change the length of a guard interval to be added to the valid symbol indicat- 
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ing normal information thereby improving the transmission -efficiency, while it can set a lower error rate for important 
information than for normal information. Thus, the OFDM transmission/reception apparatus of the present embodiment 
can improve the channel quality and transmission efficiency. 

5 (Embodiment 20) 

[0191] The OFDM transmission/reception apparatus of Embodiment 20 of the present invention has the same con- 
figuration as that of the OFDM transmission/reception apparatus of Embodiment 19, and adds to the valid symbol indi- 
cating important information a guard interval longer by a predetermined value determined according to the channel 

10 quality than the guard interval to be added to the valid symbol indicating normal information, 

[01 92] The OFDM transmission/reception apparatus of Embodiment 1 9 of the present invention always adds to the 
valid symbol indicating important information a guard interval consisting of the guard interval added to the valid symbol 
indicating normal information according to the channel quality plus a predetermined constant length. Therefore, under 
a condition with a high error rate and poor channel quality, there may be cases where it is impossible to improve the 

15 error rate of important information by predetermined percentage compared to the error rate of normal information. 
[01 93] Therefore, in the guard interval length setting of the present embodiment, the OFDM transmission/reception 
apparatus sets the length of the guard interval to be added to the valid symbol indicating important information to the 
length of the guard interval to be added to the valid symbol indicating norma! information according to the channel qual- 
ity plus a predetermined length proportional to the channel quality. 

20 [0194] That is, as the channel quality improves and the error rate decreases, the OFDM transmission/reception 
apparatus of the present embodiment shortens the predetermined value added to the length of the guard interval to be 
added to the valid symbol indicating normal information, and to the contrary as the channel quality deteriorates and the 
error rate increases, the OFDM transmission/reception apparatus of the present embodiment lengthens the predeter- 
mined value added to the length of the guard interval to be added to the valid symbol indicating normal information. 

25 [0195] As shown above, the OFDM transmission/reception apparatus of the present embodiment distinguishes 
important information from normal information in the transmission signal and sets the length of the guard Interval to be 
added to the valid symbol indicating important information longer than the guard interval to be added to the valid symbol 
indicating normal information by a predetermined variable length according to the channel quality. Through this, the 
OFDM transmission/reception apparatus of the present embodiment can change the length of a guard interval to be 

so added to the valid symbol indicating normal information thereby improving the transmission efficiency, while it can set 
a lower error rate for important information than for normal information. Thus, the OFDM transmission/reception appa- 
ratus of the present embodiment can improve the channel quality and transmission efficiency. 

[0196] Here, in contrast to the configuration of the OFDM transmission/reception apparatus of Embodiments 1 to 
17 with a variable guard interval length, the configuration of the OFDM transmission/reception apparatus of Embodi- 
es ments 18 to 20 above distinguishes important information from normal information in the transmission signal and sets 
the guard interval length as follows: 

1) For normal information: variable according to channel quality; for important information: constant 

2) For normal information: variable according to channel quality; for important information: constant difference from 
40 the one "for normal information" 

3) For normal information: variable; for important information: difference from the one "for normal information" is 
variable according to channel quality 

[0137] These are intended to keep the error rate of important information Sower than the error rate of normal infor- 
ms rnation, and the OFDM transmission/reception apparatus can take any configuration other than the above 3 configura- 
tions so long as it can achieve these purposes. 

[0198] Embodiments 1 8 to 20 above are Embodiment 1 with the additional function to improve the error rate about 
important information. In like manner, it is also possible to add the additional function to improve the error rate about 
important information to Embodiments 2 to 17 by combining Embodiments 18 to 20 above with Embodiments 2 to 17. 
50 [01 99] Embodiments 1 S to 20 above can improve the error rate not only about important information but also about 
specific information and packet (burst). Embodiments 1 8 to 20 above can have a longer guard interval than other infor- 
mation or packet (burst) in the case of multicast, for example. 

[0200] As explained above, the present invention is capable of improving transmission efficiency while maintaining 
the function of adding guard intervals and eliminating decayed signals. 
55 {0201 ] The present invention is not limited to the above described embodiments, and various variations and modi- 
fications may be passible without departing from the scope of the present invention. 

[02023 This application is based on the Japanese Patent Application No.HEl 10-365430 filed on December 22, 
1998 and the Japanese Patent Application No.HEl 11-074621 filed on March 18, 1999 t entire content of which is 
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expressly incorporated by reference herein. 
Claims 

5 1 . An OFDM transmission/reception apparatus comprising: 

a guard interval inserter{1 05) that inserts part of a valid symbol at the start of the valid symbol of a transmission 
signal as a guard interval; 

a guard interval length regulator(20 1-206) that extends/contracts the length of the guard interval that the guard 
interval inserter inserts into the transmission signal; 

a first inserter(102) that inserts a guard interval length detection signal comprising a plurality of symbols indi- 
cating different guard interval lengths into one carrier of said transmission signal; and 

a second inserter(103) that inserts a guard interval length selection control signal into one carrier of said trans- 
mission signal 

The OFDM transmission/reception apparatus according to claim 1, further comprising: 

a first extractor^ 1 7, 1 22) that extracts a decision error of a guard interval length detection signal from a recep- 
tion signal; 

20 a generator{123) that generates a guard interval length selection control signal based on the output of the first 

extractor and outputs the signal to said second inserter; 

a second extractor(121} that extracts a guard interval length selection control signal from the reception signal; 
and 

a guard interval length controller(201 -206) that controls said guard interval length regulator based on the oui- 
25 put of the second extractor. 

3. The OFDM transmission/reception apparatus according to claim 1 , wherein said guard interval length regulator 
comprising: 

30 a signal retainer that retains a plurality of window signals generating guard intervals by calculating a logical 

product with valid symbols; 

a logical product calculator (205) that calculates a logical product of the transmission signal and one of said 
window signals; and 

a seSector(202~204) that selectively reads a signal from said signal retainer according to the control from said 
35 guard interval length controller and inputs the signal to said logical product calculator. 

4. The OFDM transmrssion/recepiion apparatus according to claim 2, wherein said generator comprising: 

a splitter(402) that splits the decision error of the guard interval fength detection signal extracted by said first 
40 extractor for every symbol; and 

a symbol extractor(403-41 1) that extracts the symbol indicating the shortest guard interval length from among 
symbols whose difference from the decision error of the symbol indicating the longest guard interval length falls 
below a threshold. 

45 5. The OFDM transmission/reception apparatus according to claim 4, wherein said generator comprises an aver- 
ager{501 -503) that averages differences calculated by said symbol extractor between the decision error of the sym- 
bol indicating the longest guard interval length and the decision errors of symbols other than the symbol indicating 
the longest guard interval length. 

so 6. The OFDM transmission/reception apparatus according to claim 2, wherein said first inserter inserts guard interval 
length detection signals into a plurality of carriers of the transmission signal, and 

said first extractor extracts guard interval fength detection signals from ail carriers into which said first inserter 
inserted the guard interval length detection signals and averages these guard interval length detection signals. 

55 

7. The OFDM transmission/ reception apparatus according to claim 6, wherein said first extractor extracts guard inter- 
val length detection signals from all carriers into which said first inserter inserted the guard interval length detection 
signals, and 
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said generator calculates a logical product of the output of satd symbol extractor and every decision error of 
the symbol indicating the same guard interval length of each carrier. 

8. The OFDM transmission/reception apparatus according to claim 6 P wherein said first extractor does not extract 
guard interval length detection signals inserted into carriers whose reception level is not less than a threshold. 

9. The OFDM transmission/reception apparatus according to claim 2, wherein satd first inserter inserts a guard inter- 
val length detection signal comprising a known symbol and 

said first extractor calculates the difference between the known symbol inserted by said first inserter and the 
known symbol in the reception signal after coherent detection and outputs the difference to said generator, 

10. The OFDM transmission/reception apparatus according to ciaim 4, wherein said symbol extractor in satd generator 
uses a first threshold in the case that the decision error of the guard interval length detection signal extracted by 
said first extractor is not less than a predetermined constant value and uses a second threshold, which is smaller 
than tie first threshold in the case that the decision error of the guard intervaj length detection signal extracted by 
said first extractor is less than the predetermined constant vaiue. 

11. The OFDM transmission/reception apparatus according to claim 4, wherein said generator comprising: 

a counter{1 401 -1403) that converts the output of said symbol extractor to a data signal per a predetermined 
time; and 

a signal extractor( 1404- 1409) that extracts signals including the symbol indicating the shortest guard interval 
length from among signals whose counter output is less than the threshold. 

.12. The OFDM transmission/reception apparatus according to claim 2, wherein said generator generates a guard inter- 
val length selection control signal so as to set the longest guard interval in the case that the reception level of the 
carrier into which the optimal guard interval length selection control signal detected by said second inserter is 
inserted falls below the threshold. 

13. An OFDM/TDD transmission/reception apparatus comprising: 

a guard intervaf inserter(105) that inserts part of a valid symbol at the start of the valid symbol of a transmission 
signal as a guard interval; 

a guard interval length reguiator(201 -206) that extends/contracts the guard interval length that the guard inter- 
val inserter inserts into a transmission signal; 

an inserter(102) that inserts a guard interval length detection signal comprising a plurality of symbols indicating 
different guard interval lengths Into one carrier of said transmission signal; 

an extractor(1 1 7,1 22) that extracts the decision error of a guard interval length detection signal from among the 
reception signals using the same frequency as that of the transmission signal; and 

a guard interval length controller that controls said guard interval length regulator based on the output of the 
extractor. 

14. The OFDM/TDD transmission/reception apparatus according to claim 13, wherein said apparatus controls inser- 
tion timing of said inserter and extraction timing of said extractor by control channel signals, 

15. An OFDM transmission/reception apparatus comprising: 

a guard interval inserter{1 05) that inserts part of a valid symbol at the start of the valid symbol of a transmission 
signal as a guard interval; 

a guard interval length regulator{20 1-206) that extends/contracts the guard interval length that the guard inter- 
val inserter inserts into the transmission signal; 

a first inserter(102} that inserts a guard interval length detection signal into one carrier of the transmission sig- 
nal; 

a second inserter(103) that inserts a plurality of frame synchronization acquisition known signals indicating dif- 
ferent guard interval lengths into one carrier of the transmission signal; 

a first extractor^ 1 7,1-22,123) that extracts the decision error of a guard interval length detection signal from the 
reception signal; 
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a known signal selection controlled 1801) that is instructed which frame synchronization acquisition known sig- 
nal should be inserted by said second inserter based on the output of the first extractor; 
a second extractor(1S02) that extracts a frame synchronization acquisition known signal from the demodulated 
reception signal; and 

5 a guard interval length control ier(1 901 -1 915) that controls said guard interval length regulator so that the guard 

interval length is set to the guard interval length indicated by the known signal output by said second extractor. 

16. The OFDM transmission/reception apparatus according to claim 15, wherein said second extractor comprising: 

io a calculator(1 901 -1904) that calculates an exclusive OR of the demodulated reception signal and a plurality of 

frame synchronization acquisition known signals of said second inserter; 
a comparator 1 905-1 908) that compares the output of the calculator with a threshold; and 
a known signal specifier(1909-1915) that specifies the frame synchronization acquisition known signals 
inserted by said second inserter based on the output of the comparator. 

15 

17. The OFDM transmission/reception apparatus according to claim 15, wherein said second extractor comprising: 

a calculator(200 1,2002) that calculates an exclusive OR of the demodulated reception signal, a plurality of 
frame synchronization, acquisition known signals of said second inserter and their respective inverted signals; 
20 a comparator(2G03-20G6) that compares the output of the calculator with a threshold; and 

a known signal sperifier(1909-1915) that specifies the frame synchronization acquisition known signals 
inserted by said second inserter based on the output of the comparator. 

18. The OFDM transmission/reception apparatus according to claim 15 r wherein said second extractor comprises: 

25 

a calculator(2202-2205) that calculates a multiplication of the reception signal after coherent detection and a 
plurality of frame synchronization acquisition known signals of said second inserter; 
a comparator^ 905-1 908) that compares the output of the calculator with a threshold; and 
a known signal speeifier(l909-l9l5) that specifies the frame synchronization acquisition known signals 
30 inserted by said second inserter based on the output of the comparator, 

19. The OFDM transmission/reception apparatus according to claim 1 6, wherein said comparator uses a first threshold 
in the case that the decision error of the guard interval length detection signai extracted by said first extractor is not 
less than a predetermined constant value and uses a second threshold, which is smaller than the first threshold, in 

35 the case that the decision error of the guard interval length detection signal extracted by said first extractor is less 
than the predetermined constant vaiue. 

20. The OFDM transmission/reception apparatus according to claim 15, wherein said guard interval length regulator 
retains the guard interval length in the case that the decision error of the guard interval length detection signal 

40 extracted by said first extractor is less than a predetermined constant value. 

21. The OFDM transmission/reception apparatus according to claim 1, further comprising an important information 
controller{2601 ) that distinguishes important information in the transmission signal and controls said guard interval 
length regulator so that a longer guard interval than the guard interval added to the valid symbol indicating other 

45 information is added to the valid symbol indicating important information. 

22. The OFDM transmission/reception apparatus according to claim 21, wherein said important information controller 
sets a guard interval with a fixed interval length that obtains a lower error rate than the error rate of the valid symbol 
indicating other information independently of the channel quality for the valid symbol indicating important informa- 

so Hon in the transmission signal. 

23. The OFDM transmission/reception apparatus according to claim 21, wherein said important information controller 
sets a guard interval with the length of the guard interval added to the valid symbol indicating other information 
according to the channel quality plus a predetermined vaiue for the valid symbol indicating important information in 

55 the transmission signaL 

24. The OFDM transmission/reception apparatus according to claim 21, wherein said important information controller 
sets a guard interval with the length of the guard interval added to the valid symbol indicating other information 
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according to the channel quality plus a variable value according to the channel quality for the valid symbol indicat- 
ing important information in the transmission signal 

25. A communication terminal apparatus having an OFDM transmission/reception apparatus, said OFDM transmis- 
5 sion/reception apparatus comprising: 

a guard interval mserter(1 05) that inserts part of a valid symbol at the start of the valid symbol of a transmission 
ssgnal as a guard Interval; 

a guard interval length regulator(20 1-206) that extends/contracts the guard interval length that the guard inier- 
10 vai inserter inserts into the transmission signal; 

a first inserter(102) that inserts a guard interval length detection signal comprising a plurality of symbols indi- 
cating different guard interval lengths into one carrier of said transmission signal; and 

a second inserter{103) that inserts a guard interval length selection control signal into one carrier of said trans- 
mission signal. 

15 

26. A base station apparatus having an OFDM transmission/reception apparatus, said OFDM transmission/reception 
apparatus comprising; 

a guard interval ircserter(1 05} that inserts part of a valid symbol at the start of the valid symbol of a transmission 
20 signal as a guard interval; 

a guard interval length regulator(201-2QS) that extends/contracts the guard interva! length that the guard inter- 
val inserter inserts into the transmission signal; 

a first inserter(102) that inserts a guard interval length detection signal comprising a plurality of symbols indi- 
cating different guard interval lengths into one carrier of said transmission signal; and 
25 a second inserter(103) that inserts a guard interval length selection control signal into one carrier of said trans- 

mission signal. 

27. An OFDM transmission/reception method comprising: 

30 the guard interval inserting step of inserting part of a valid symbol at the start of the valid symbol of a transmis- 

sion signai as a guard interval; 

the guard interval length regulating step of extending/contracting the guard interval length that the guard inter- 
val inserting step inserts into the transmission signal; 

the first inserting step of inserting a guard interval length detection signal comprising a plurality of symbols indi- 
35 eating different guard interval lengths into one carrier of said transmission signal; and 

the second inserting step of inserting a guard interval length selection coniroE signal into one carrier of said 
transmission signal. 
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